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Description 

TECHNICAL FIELD 

[0001] The present Invention relates to an ultra high molecular weight polyethylene molded article suitable for 
artificial joints having crystal orientation and to a method of preparing the same. 

BACKGROUND ART 

[0002] It has been passed thirty years or more since an artificial joint was developed and applied clinically to 
patients suffering from any diseases of arthritis. Since then, benefits given by the artificial joint have been 
great in the sense of social welfare because, for example, patients with chronic rheumatism have come to be able to 
walk again and to return to public life. On the other hand, however, there have occurred serious problems, 
particularly late complications caused by total joint arthroplasty, a high rate of occurrance of "loosening" in the 
implant components, necessity of revision with surgical operation caused by osteolysis around the implanted 
artificial joint. 

[0003] The artificial joint includes artificial hip joint, artificial knee joint, artificial elbow joint, 

artificial finger joint, artificial shoulder joint and the like. Among those joints, it Is necessary for the 
artificial hip joint and artificial knee joint to have high mechanical strength because gravity corresponding to 
several times of the patent's body weight is applied to them. Therefore, materials for the artificial joint at 
present are constituted of a hard material of metal or ceramic and a soft socket of an ultra high molecular weight 
polyethylene (UHMWPE). While the UHMWPE constituting such a socket is superior in abrasion resistance as 
compared with polymeric materials such as polytetrafluoroethylene and polycarbonate, the UHMWPE is inferior in 
properties such as low abrasion resistance and stress relaxation to impact load which are inherentiy possessed by 
articular cartilage of living body. Also, reaction caused by a foreign matter has been a serious problem wherein 
macrophages proliferate against wear debris of the UHMWPE socket, i.e. component and an abnormal granulation 
tissue generated thereby causes resorption of the bone. 

[0004] After artificial joints have been developed, though some improvements in qualities of material and design 
have been made, for example, a cementiess artificial joint and the like with respect to the hard material, there has 
been no remarkable progress for about thirty years with respect to the soft socket portion except that the UHMWPE 
was employed. And if the artificial joint is used for a long period of time, numerous wear debris of polyethylene 
are produced because of friction between the hard material such as metal and the UHMWPE of the socket. By 
considering the osteolysis due to granulation tissue containing a foreign matter which is caused by the wear debris, 
further improvement of abrasion resistance is indispensable. As an attempt to reduce the abrasion of UHMWPE, it can 
be considered to select a material for the hard material and to improve the UHMWPE. Though the irradiation of an 
ultra high dose of y-ray was tried for improving the UHMWPE, it was made clear that the coefficient of abrasion 
increases and abrasion loss does not decrease. Also, though the improvement to Increase molecular weight of the 
UHMWPE was made and the weight-average molecular weight of the UHMWPE at present has been increased to 
approximately 5 to 8 million, it is difficult to make a UHMWPE having a far ultra high molecular weight. Further, 
considerable improvement in dynamic properties can scarcely be expected even if one having a weight-average 
molecular weight of 10 million could be synthesized. Thus, it is regarded that any improvement in dynamic properties of 
the UHMWPE by chemical modification reaches its limitation, and it is regarded to be difficult to obtain a UHMWPE 
molded article having a more excellent abrasion resistance and lower friction. 

[0005] It is well-known that Carothers of E.I. Du Pont developed, first all over the worid, a synthetic fiber, 
i.e. Nylon and greatiy contributed industrially. As means for improving mechanical properties of this synthetic 
fiber, uniaxial stretching in the direction of fiber axis is carried out industrially. Also, to improve strength of 
film, biaxial stretching and rolling are carried out industrially. In accordance with these methods, mechanical 
properties can be increased considerably by giving uniaxial orientation or biaxial orientation to molecules or crystals. 
[0006] From these points of view, there is an idea that orientation is given to molecules or crystals in the 
polymer structure to improve the mechanical properties. However, any technologies cannot endow molecules or crystals 
with orientation in a large molded article in the form of block, and it is not easy to consider an enable method. 
[0007] Then, the present inventors tried to obtain a molded article of a low friction and to improve an abrasion 
resistance by introducing crystal orientation into a finished product by means of not a chemical modification method 
but a physical modification method. 

[0008] This approach has never been attempted not only in Japan but also in other countries. The idea to endow 
the polyethylene molded article for artificial joints with molecular orientation or crystal orientation is the very 
creative, and it is sure that this invention, if actually carried out, is applied to the artificial joints of all 
over the worid. Also, this invention will be a revolutionary industrial innovation whereby disadvantages which have 
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been a problem for the past thirty years are improved 

DISCLOSURE OF THE INVENTION 

[0009] The invention relates to an ultra high molecular vy^eight polyethylene (UHMWPE) molded article for 
artificial joints and to an artificial joint comprising the UHMWPE molded article. 

[0010] This UHIVIWPE molded article having crystal orientation can be obtained by irradiating a low dose of a high 
energy ray to a raw UHMWPE molded article to introduce a very small amount of crosslinking points in polymer chains 
to be crosslinked slightly, then by compression-deforming the crosslinked UHMWPE molded article after heating up to 
its compression-deformable temperature, and by cooling the molded article with keeping the deformed state. 
[0011] The UHMWPE molded article having crystal orientation (hereinafter referred to as "oriented UHMWPE 
molded article") of the present invention has a low friction and remarkably improved abrasion resistance. And, the 
artificial joint comprising the oriented UHMWPE molded article has a smooth lubricity and reduced amount of abrasion 
loss. 

BEST MODE FOR CARRYING OUT INVENTION 

[0012] The oriented UHMWPE molded article of the invention has the crystal orientation within the molded 
article. The meaning of "to have crystal orientation" is that the crystal planes in polyethylene such as (200) plane 
and (110) plane are oriented to the direction parallel to the compression plane, namely, that the crystal planes are 
oriented. Also, the presence of these orientations can be known by means of birefringence measurements, Infrared 
spectra and X-ray diffraction. And, a coefficient of friction of the molded article decreases and an abrasion loss 
also decreases by endowing with those orientations. Also, other functional properties, for example, tensile strength 
and tensile modulus are improved, and also density, thermal properties (melting point, heat of fusion) and the like 
are improved. 

[0013] As described above, the oriented UHMWPE molded article can be obtained by irradiating a high energy ray 
to the raw UHMWPE and then heating up and compression-deforming the UHMWPE, followed by cooling and 
solidifying. 

[0014] As the raw UHMWPE, one having a weight-average molecular weight of 2 to 8 million, preferably 5 to 7 
million is used. The melting point thereof is approximately 136* to 139*0. The raw UHMWPE is used in the form of a 
block. 

[0015] Every kind of high energy rays can be employed as the high energy ray to be irradiated, for example a 
radioactive ray such as y-ray or X-ray, an electron beam, a neutron ray and the like. Among them, y-ray is superior in 
view of availability of irradiation apparatus and excellent permeability to materials. This irradiation of the high 
energy ray is carried out to generate crosslinking points in the molecular chains of the UHMWPE and then to produce 
intermolecular crosslinkage. The density of crosslinking is preferably such a very small degree that the 
crystallization is not prevented with ensuring a large elastic-deformation, for example 0.1 to 10, particularty 1 to 
2 crosslinking points per one molecular chain. 

[0016] With respect to the irradiation atmosphere, if oxygen exists, it is not preferable since a decomposition 
(cleavage) occurs simultaneously, and therefore the atmosphere in vacuum or of an inert gas such as N2 or argon is 
preferable. The temperature of the atmosphere may be room temperature and also may be a higher temperature of not 

less than the crystal transition point (80*C). 

[0017] The dose of irradiation (energy) is very important. If the dose of irradiation is too high, the density 
of crosslinking becomes higher, and the bridged structure is destroyed if a large deformation is applied in the 
subsequent process. And. even if the molten state is made, such a degree of elastic deformation required to obtain 
the desired crystal orientation cannot be givenL As a result, it is obliged to decrease a degree of the deformation, 
and it becomes impossible to obtain the crystal orientation which Is necessary for molecular chains in the molded 
article. On the other hand, in case that a dose of irradiation is too low or no irradiation is carried out, 
molecular chains are fluidized in the manner of viscous fluidity without stretching to be plastic-deformed, 
resulting in that the molecular orientation or crystal orientation cannot be obtained. A preferable dose of 
irradiation (energy) is the dose to give the above-mentioned density of crosslinking and 100 to 50,000 J/kg (0.01 to 
5.0 MR), preferably 1000 to 30.000 J/kg (0.1 to 3 MR) in case of radioactive rays. 

(00181 The UHMWPE molded article which is crosslinked slightiy by irradiating the high energy ray has an 
infinite weight-average molecular weight because it is crosslinked, and the melting point thereof changes not so 
much and is 136' to 139X. 

[0019] Then, this slightiy crosslinked UHMWPE molded article is heated up to a compression-deformable 
temperature. The compression-deformable temperature is a temperature of around or not less than the melting point of 
the crosslinked UHMWPE, and is concretely from the melting point minus SOX to the melting point plus 80'C. It is 
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most suitable to heat up to a temperature of not less than the melting point, particularly preferably 160' to 220'C. 
further preferably 180' to 200X to melt completely. The compression-deformation can be carried out. however, at a 
temperature of even around the melting point, for example 100' to 130'C. If completely melted, since the crosslinked 
UHMWPE is in the state of rubber to possess rubber elasticity, the compression-deformation is easily carried out. 
[0020] The compression-deformation is carried out under a pressure of 3.10^^ to 2.10^a Pa (30 to 200 kgf/cm^a), 
usually 5.10^3 to lO^a Pa (50 to 100 kgf/cm^a) with heating at the above-mentioned temperature in a die suitable for 
the use or by using a hot press machine. It is sufficient that a degree of the compression is approximately 1/3 to 
1/10 of an original thickness in case of a molded article in the form of block The deformation of the crosslinked 
UHMWPE molded article of the present invention is a rubber elastic deformation because molecular chains are 
crosslinked slightly, and after the molecular chains are stretched to give the necessary molecular orientation then 
cooled as they are and crystallized, the crystal orientation can be obtained. On the other hand, non-crosslinked. 
namely non-irradiated UHMWPE molded article is fluid-deformed when heated and compressed at a temperature of not 
less than the melting point, and thus crystal orientation cannot be obtained. 

[0021] Then, the UHMWPE molded article having the crystal orientation obtained by the compression-deformation 
as described above is cooled and solidified with keeping the deformed state. If the deformed state is set free 
before solidified, the stretched molecular chains are relaxed in stress to return to the original state because the 
compression-deformation is conducted In the molten state. That is. the molecular orientation or crystal orientation 
in the UHMWPE molded article is relaxed in a moment. Therefore, the deformed state must not be set free until 
solidified. 

[0022] As the cooling method, there are rapid coolings such as water-cooling and air-cooling as well as standing 
to cool, and the cooling is carried out down to room temperature, preferably to a temperature of around 20' to 40'C 
Further, it is preferable to cool at a constant rate under a condition of 10'C/min, preferably rc/min to obtain 
excellent dynamic properties because the cooling rate has a great influence on the crystallinity particularly on 
the degree of crystallinity of the produced molded article. The completion' of the solidification can be confirmed by 
decrease of a pressure gauge (the volume being shrinked after the completion of the crystallization). 
[0023] Also, before the cooling the compression-deformed UHMWPE molded article may be subjected to 
isothermal crystallization at around 100' to 130'C, preferably 110' to 120'C for 1 to 20 hours preferably 5 to 10 
hours with keeping the deformed state, and then cooled to room temperature, preferably to 40'C and solidified When 
carrying out the isothermal crystallization, the degree of crystallinity becomes higher and the dynamic properties 
are improved. The cooling after the isothermal crystallization is not particularly limited and the coolina at a rate 
of 1 'C/min is preferable. 

[0024] The melting point of the UHMWPE molded article having the crystal orientation obtained by the cooling and 
solidification is 1 35' to 1 55'C. 

[0025] The compression-deformed molded article which is obtained as described above can also be processed to a 
socket for artificial joints by cutting and can be molded by means of the compression-deformation mold with a die 
compnsing a convex and concave portions. The surface hardness can be further reinforced by introducing metal ions 
e.g. titanium, zirconium, iron, molybdenum, aluminium and/or cobalt ion into the UHMWPE molded article for 
artificial joints which is obtained by cutting the compression-deformed molded article. 

[0026] Hereinafter, the present invention is explained concretely by referring to Preparation Examples and 
Examples. 

PREPARATION EXAMPLES 1 TO 3 

[0027] A block of UHMWPE (thickness 3 cm, width 5 cm, length 5 cm) having a weight-average molecular weight 
of approximately 6 million and a melting point: 138'C was put in a glass ampul and the glass was sealed after 
reducing the inner pressure (lO'^a to lO'^a mmHg) under vacuum. y-Ray from cobalt 60 was irradiated at a dose of 
^'^^^ ^^P" UHMWPE block irradiated by the radioactive ray (melting 

onnJ;. u • ^®'9^^-^^®^39^ molecular weight: infinite) was taken out from the glass ampul, melted completely at 
200 C by using a hot press, compressed to 1/3. 1/4.5 and 1/6 of the original thickness by applying a pressure of 50 
kgf/cm a, and then cooled to room temperature through natural cooling with keeping the deformed state. 

COMPARATIVE PREPARATION EXAMPLES 1 TO 3 

[0028] The same raw UHMWPE block as was used in Preparation Examples 1 to 3 was compressed to 1/3 1/4 5 
and 1/6 of the onginal thickness after melting completely at 200'C by using a hot press in the same way without 
irradiation, and cooled naturally to room temperature with keeping the deformed state. 

PREPARATION EXAMPLES 4 TO 6 
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[0029] Irradiated UHMWPE molded articles were obtained by compression-deforming and cooling naturally similarly 
in Preparation Example 1 except that a dose of irradiation of y-ray was changed to 10,000 J/kg (1,0 MR), 15,000 J/kg 
(1.5 MR) or 20.000 J/kg (2.0 MR) Each weight-average molecular weights of 10.000 J/kg (1.0 MR) irradiated article, 
15,000 J/kg (1.5 MR) irradiated article and 20,000 J/kg (2.0 MR) Irradiated article were infinite, and the melting 
points thereof were almost constant and were ISS'^C. 

PREPARATION EXAMPLE 7 

[0030] An irradiated UHMWPE molded article was obtained similarly in Preparation Example 1 except that after the 
irradiation of y-ray (5,000 J/kg = 0,5 MR), the temperature was raised to ISO^C and the compression-deformation to 1/3 
was carried out under a pressure of 2.10®a Pa (200 kgf/cm^^) for 5 minutes. 

PREPARATION EXAMPLE 8 

[0031] An irradiated UHMWPE molded article was obtained similarly in Preparation Example 1 except that after the 
compression molding, the isothermal crystallization was carried out for 10 hours at 120'C and then the natural 
cooling was carried out. 

EXAMPLE 1 

[0032] The test sample having a thickness of 7 mm and a diameter of 7 mm was prepared by cutting from the 
UHMWPE molded article obtained in each of Preparation Examples 1 to 8 and Comparative Preparation Examples 1 to 
3, and a wear factor and coefficient of friction were evaluated by measuring a friction force and wear factor as the 

followings. 

Testing apparatus and testing conditions: 

[0033] The unidirectional Pin-On-DIsc wear and friction testing machine manufactured by Research Center for 
Biomedical Engineering, Kyoto University was used for the test 

[0034] The unidirectional-type testing machine is operated by pressing a test sample on a surface of a ceramic 
disc, which is rotating in the clockwise direction, by means of the arm-type loading method. The load can be varied 
by providing a weight to the one end of the arm. The rotation of the disc is transmitted to a bearing by way of a 
belt according to the rotation of an invertor-controlled motor. The testing speed was set to 50 mm/s. Also, all 
tests were carried out In 50 m= saline for 48 hours and the temperature of the liquid was kept at 25 ± 2*^0, 

Means to measure frictional force and wear volume: 

[0035] A friction force was measured by a lever type dynamometer fixed to the arm portion of the testing 

machine. The friction force was recorded with a pen recorder with the lapse of time. The friction coefficients shown 

in test results (Table 1 ) were determined in case of a sliding distance of 8640 m (48 hours after tests begin). 

[0036] The wear volume was evaluated by compressing the rotating disc of zirconia at a pressure of 1 MPa and by 

measuring the decreased thickness of the test sample with a non-contact type capacitance level gauge. 

[0037] The test for each test sample was carried out three times under each loading condition, and the 

coefficient of friction and coefficient of abrasion were calculated in average value. In this case, the surface of 

the zirconia disc was made in intentionally roughened to Ra: 0.2 to 0,3, and the wear volume was measured after 48 

hours. 

[0038] Wear factor and coefficient of friction were calculated according to the equation of Dowson et al. 

Wear Factor (WF) = Wear volume (mm3)/{Load (N) X Sliding distance (m)} 
Coefficient of friction (CP) = Friction force (N)/Load (N) 

[0039] The test results are shown in Table 1. With respect to the non-irradiated sample, there is no substantial 
difference in the wear factor (WF), that is, WF of 15.3 X 10 "^a for the sample having the compression ratio at 
deformation (original thickness/tiiickness after compression-deformation) of 3, WF of 16.4 X 10'^^ for the compression 
ratio of 4.5, and WF of 14.9 X 10'^^ for the compression ratio of 6. 

[0040] Remarkable decrease was observed, however, vwth respect to the 5000 J/kg (0.5 MR) irradiated sample, i.e. 
WF of 9.07 X 10'^^ for the compression ratio of 3, WF of 2.78 X 10"^^ for the compression ratio of 4.5. and WF of 5.31 
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EXAMPLE 2 

[0041] Characteristics of the UHMWPE molded articles obtained in Preparation Example 3 and Comparative 
Preparation Example 3 are shown in Table 2. 

[0042] The heat of fusion and melting point were measured at a scan speed of 10'C /min by means of DSC-50 of 
SHIMADZU CORPORATION. And, the tensile strength and Young's modulus were measured at a tensile rate of 100 
%/min by means of Autograph S-100 of SHIMADZU CORPORATION. 

[0043] As shown in Table 2, the density and melting point of UHMWPE molded article obtained from the 0.5 MR 
irraidation test of Preparation Example 3 are higher and the tensile strength and Young's modulus thereof increase, 
as compared with those of the UHMWPE molded article obtained from the non-irradiation test of Comparative 
Preparation Example 3. Particularly, the melting point rises from 138.0* to 149.5''C. 
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INDUSTRIAL APPLICABILITY 

[0044] The ultra high molecular weight polyethylene molded article for artificial joints obtained according to 
the present invention has the molecular orientation or crystal orientation in the molded article, and is low in 
friction and is superior in abrasion resistance, and therefore Is available as a component of artificial joints. 
[0045] Further, the ultra high molecular weight polyethylene molded article for artificial joints of the present 
invention can be used as a component for artificial hip joints (artificial acetabular cup), a component for 
artificial knee joints (artificial tibial insert) and the socket for artificial elbow joints, and in addition to the 
medical use, it can be applied as materials for various industries by utilizing the characteristics such as low 
friction and superior abrasion resistance. 

Claims 

1. An ultra high molecular weight polyethylene molded block, characterized by having orientation of crystal 
plane, and obtainable by crosslinking an ultra high molecular weight polyethylene block, compression-deforming 
the crosslinked ultra high molecular weight polyethylene block, cooling and solidifying the deformed block in a 
compression-deformed state, said crystal plane being oriented in a direction parallel to the compression plane, 
and a density of said crosslinking being 0.1 to 10 crosslinking points per one molecular chain. 

2. The molded blocks of claim 1, wherein a melting point of the ultra high molecular weight polyethylene block is 
135^0 to 155"C. 

3. Artificial joints comprising the block of any one of claims 1 to 2. 

4. A method for producing an ultra high molecular weight polyethylene molded block having orientation of crystal 
plane, characterized in that an ultra high molecular weight polyethylene block is crosslinked by irradiating a 
high energy ray to induce 0.1 to 10 crosslinking points per one molecular chain, the crosslinked ultra high 
molecular weight polyethylene block is compression-deformed after heating up to a compression deformable 
temperature and then cooled by a cooling method selected from water-cooling, air-cooling or standing to room 
temperature with keeping the deformed stae so that said crystal plane is oriented in a direction parallel to the 
compression plane. 

5. The method of claim 4. wherein the high energy ray is a radioactive ray and a dose of the irradiation is 100 to 
50,000 J/kg (0.01 to 5.0 MR). 

6. The method of claim 4 or 5, wherein the compression-deformable temperature is a temperature in the range of a 
melting point of the crosslinked ultra high molecular weight polyethylene minus 50'C to the melting point plus 80*C. 

7. The method of claim 4, 5 or 6 wherein a weight-average molecular weight of the ultra high molecular weight 
polyethylene before irradiation is 2 to 8 million. 

8. The method of claim 4, 5. 6, or 7. wherein the cooling is carried out at a constant rate under 1 0 degree/minute. 



PatentansprUche 

1. Formblock aus Polyethylen mit ultrahohem Molekulargewicht. dadurch gekennzeichnet. dass er eine 
Orientierung der Kristallebene aufweist und erhattiich 1st durch Vernetzen eines Polyethylen blocks mit ultrahohem 
Molekulargewicht, Kompresslonsumformung des vernetzten Polyethylenblocks mit ultrahohem Molekulargewicht, 
Abkuhlen und Verfestigen des umgeformten Blockes im Zustand der Kompresslonsumformung, wobei die genannte 
Kristallebene in einer Richtung orientiert ist. die parallel zur Kompresslonsebene liegt. und die Dichte des 
genannten Vernetzens 0, 1 bis 1 0 Vernetzungspunkte je eine MoIekQIkette betragt 

2. Formblock nach Anspruch 1. worin der Schmetzpunkt des Blocks aus Polyethylen mit ultrahohem Molekulargewicht 
135 bis155''C betrSgt. 

3. KClnstiiche Gelenke, die den Block nach irgend einem der AnsprQche 1 bis 2 umfassen. 



EP 0729981 OOT 



EP 0 729 981 B1 



4. Verfahren zur Herstellung eines Formblocks aus Polyethylen mit ultrahohem Molekulargewicht, der eine 
Orientierung der Kristallebene aufweist, dadurch gekennzeichnet, dass ein Block aus Polyethylen mit ultrahohem 
Molekulargewicht durch Bestrahiung mit Hochenerglestrahlung vernetzt wird, urn 0,1 bis 10 Vernetzungspunkte pro 
Molekulkette zu Induzieren. der vernetzte Block aus Polyethylen mit ultrahohem Molekulargewicht nach Erwarmen 
auf die Kompressionsumformbarkeits-Temperatur kompressionsumgeformt wird und anschlieSend durch ein 
Kuhlverfahren, das ausgewahit wird aus Wasserkuhlung, Luftkuhlung oder Stehenlassen bei Raumtemperatur unter 
Erhalt des umgeformten Zustands abgekuhit wird, so dass sich die genannte Kristallebene in einer Richtung 
orientiert, die parallel zur Kompressionsebene liegt. 

5. Verfahren nach Anspruch 4, worin die Hochenerglestrahlung radloaktive Strahlung ist und die Dosierung der 
Strahlung 100 bis 50000 J/kg (0,01 bis 5.0 MR) betrdgt. 

6. Verfahren nach Anspruch 4 Oder 5, worin die Kompresslonsumformbarkeits-Temperatur eine Temperatur ist, die Im 
Bereich des Schmelzpunktes des vernetzten Polyethylens mit ultrahohem Molekulargewicht minus 50'C bis zum 
Schmelzpunkt plus SO^C liegt. 

7. Verfahren nach Anspruch 4, 5 oder 6, worin die massenmittlere Molekulmasse des Polyethylens mit ultrahohem 
Molekulargewicht vor der Bestrahiung 2 bis 8 Millionen betrdgt. 

8. Verfahren nach Anspruch 4, 5, 6 oder 7, worin das Abkiihlen mit einer konstanten Geschwindigkeit von unterhalb 
1 0 Grad/Minute durchgefQhrt wird. 



Revendicatlons 

1. Bloc moule de polyethylene de poids moleculaire extremement eleve, caract6rls6 en ce qu'il presente une 
orientation de plan de cristal et pouvant etre obtenu par reticulation d'un bloc de polyethylene de poids 
moleculaire extremement eleve, par deformation par compression du bloc de polyethylene de poids moleculaire 
extremement eleve, reticule, par refroidissement et par solidification du bloc deforme dans un etat deforme par 
compression, ledit plan de cristal etant oriente dans une direction parallele au plan de compression et une 
density de ladite reticulation ^tant de 0,1 a 10 points de reticulation pour une chaine moleculaire. 

2. Blocs moules selon la revendication 1, dans lesquels un point de fusion du bloc de polyethylene de poids 
moleculaire extremement elev§ est de 135'C a 155*C. 

3. Joints artificiels comprenant le bloc selon I'une quelconque des revendicatlons 1 a 2. 

4. Proc6d6 pour la production d'un bloc moule de polyethylene de poids moleculaire extremement eieve ayant une 
orientation de plan de cristal, caract6ris6 en ce qu'un bloc de polyethylene de poids moleculaire extremement eleve 
est reticule par irradiation d'un rayon d'energie elevee pour induire de 0,1 a 10 points de reticulation pour une 
chaine moleculaire, le bloc de polyethylene de poids moleculaire extremement eleve, reticule est deforme par 
compression apres chauffage jusqu'a une temperature de deformation par compression et est ensuite refroidi par un 
procede de refroidissement choisi parmi un refroidissement a I'eau, un refroidissement e I'air ou un repos e 
temperature ambiante tout en maintenant retat deforme de telle sorte que ledit plan de cristal est oriente dans 
une direction parallele au plan de compression. 

5. Procede selon la revendication 4, dans lequel le rayon d'energie elevee est un rayon radioactif et une dose de 
I'irradiation est de 100 a 50 000 J/kg (0,01 a 5,0 MR). 

6. Precede selon la revendication 4 ou 5, dans lequel la temperature de deformation par compression est une 
temperature dans I'intervalle d'un point de fusion du polyethylene de poids moleculaire extremement eieve, 
reticule moins SOX au point de fusion plus 80°C 

7. Procede selon la revendication 4, 5 ou 6, dans lequel un poids moleculaire moyen en poids du polyethylene de 
poids moleculaire extremement eieve avant I'irradiation est de 2 e 8 millions. 
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Precede selon la revendication 4, 5. 6 ou 7, dans lequel le refroidissement est realise a une vitesse constants 
Inferieure d 10 degr^/min. 
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